Mixed diamidophosphoric acid esters [(CH 3 ) 2 N][p-H 3 C-C 6 H 4 -O]P(O)X, where X = NH(CH 3 ) (1), NHCH(CH 3 ) 2 (2), NHC(CH 3 ) 3 (3) and p-H 3 C-C 6 H 4 -NH (4) were synthesized and characterized by 31 P, 31 P{ 1 H}, 13 C, 1 H NMR, and IR spectroscopy and mass spectrometry, and single crystal X-ray diffraction analysis for the compounds 3 and 4. 
Introduction
The extensive studies on the biochemical properties of phosphoramidate derivatives revealed various possibilities for their application in agrochemistry and medicine as insecticides, pesticides, and drugs [1 -3] . Gerhard Schrader discovered the insecticide properties of amidophosphoric acid esters [4] , which exert their toxicity by the inhibition of the acetylcholinesterase (AChE), the enzyme responsible for the degradation of the cholinergic neurotransmitter acetylcholine [5] .
To the best of our knowledge, little attention has been given to the crystal structure and spectroscopic properties of these compounds [6 -8] . Herein, mixed diamidophosphoric acid esters of the formula [(CH 3 ) 2 N][p-H 3 C-C 6 H 4 -O]P(O)X, where X = NH-(CH 3 ) (1), NHCH(CH 3 ) 2 (2) , NHC(CH 3 ) 3 (3) and p-H 3 C-C 6 H 4 -NH (4) were synthesized and characterized by 31 P, 31 P{ 1 H}, 13 C, 1 H NMR, and IR spectroscopy and mass spectrometry, and the crystal structures of compounds 3 and 4 were determined by single crystal X-ray diffraction analysis. 0932 -0776 / 09 / 0500-0565 $ 06.00 c 2009 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com
Results and Discussion
General preparation of compounds 1 -4 Compounds 1 -4 were synthesized from the reaction of N,N-dimethylamido(chloro)phosphoric acid 4-methyl-phenyl ester and the corresponding amine (or the hydrochloride salt of the amine for compound 1) in the presence of triethylamine as an HCl scavenger (for compounds 1 and 4) or an excess of amine (for compounds 2 and 3, Eq. 1).
(1)
NMR study
The 31 P chemical shifts (δ 31 P) in the NMR spectra of the title compounds varied from 6.94 (for compound 4) to 15.99 ppm (for compound 1). Comparison of δ 31 P values in compounds 1 -3 demonstrates the electron donating effect of the amine groups in the sequence NH-C(CH 3 ) 3 > NH-CH(CH 3 ) 2 > NHCH 3 , which causes a decrease of the phosphorus chemical [9] and the modified strategy for the synthesis and the X-ray crystallography data in ref. [10] ; the intensities reported in Table 1 
Mass spectrometry investigation
Mass spectra of the compounds indicate the presence of the fragments [N(CH 3 ) 2 ] + , [C 7 H 7 O] + , and P (O) [N(CH 3 ) 2 ]X + , where X = NH(CH 3 ) (1), NH(iso-C 3 H 7 ) (2), NH(tert-C 4 H 9 ) (3) and p-H 3 C-C 6 H 4 -NH (4) ( Table 1) . Moreover, the fragment P (O) 
+ is observed in the mass spectra of compounds 3 and 4.
X-Ray crystallography
The crystal structure of compound 2 was reported in reference [12] . Single crystals of compounds 3 and 4 were obtained from CHCl 3 /CH 3 CN at r. t. The crystallographic data and the details of the X-ray analysis are presented in Table 2 , selected bond lengths and angles for compounds 3 and 4 are given in Table 3 . Hydrogen bonding data are listed in Table 4 . The molecular structures of 3 and 4 are shown in Figs. 1 and 2 , respectively. The phosphorus atoms have a distorted (8) 114 (2) (4) with displacement ellipsoids at the 50 % probability level. (2) and 1.604(2)Å) are shorter than a standard P-O single bond (1.64Å [13] ). The P=O bond lengths in molecules 2, 3 and 4 are 1.473(2), 1.462(2) and 1.474(2)Å, respectively, and thus longer than the normal P=O bond length (1.45Å for P(O)Cl 3 ) [13] . Also, the P-N bond lengths are shorter than the standard P-N single bond length (1.77Å for NaHPO 3 -NH 2 [13] ). The nitrogen atoms of the aliphatic amine groups in the title compounds indicate sp 2 hybridization. For example, in compound 4, the angles P( 
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Spectroscopic measurements
1 H, 13 C and 31 P NMR spectra were recorded on Bruker (Avance DRS) 250 and 500 MHz spectrometers. 1 H, 13 C and 31 P chemical shifts were obtained in CDCl 3 relative to TMS and 85 % H 3 PO 4 as external standards, respectively. IR spectra were obtained using KBr pellets on a Perkin Elmer 783 model spectrometer. A Varian Star 3400 CX mass spectrometer was used for mass spectrometry investigation. Melting points were obtained with an Electrothermal instrument.
N,N-Dimethyl-N -methyl-diamidophosphoric acid 4-methylphenyl ester, (CH 3 ) 2 NP(O)[(CH 3 )NH][O-C 6 H 4 -p-CH 3 ] (1)
To a solution of (CH 3 ) 2 NP(O)Cl[O-C 6 H 4 -p-CH 3 ] (0.82 g, 3.5 mmol) in 30 mL of dry acetonitrile, methylamine hydrochloride (0.24 g, 3.5 mmol) and triethylamine (0.71 g, 7 mmol) were added at 0 • C. After 12 h stirring, the solvent was evaporated in vacuo. Then, the flash gradient chromatography method was used for the purification of the product (silicagel, hexane-ethyl acetate 9 : 1). The solvent was evaporated in vacuo to afford the product as a colorless liquid. Yield: 68 %. 
X-Ray structure determinations
X-Ray data of compounds 3 and 4 were collected on a Bruker SMART 1000 CCD single crystal diffractometer with graphite-monochromatized MoK α radiation (λ = 0.71073Å) [14] . Routine Lorentz and polarization corrections were applied, and an absorption correction was performed using the program SADABS [15] . The structures were refined with SHELXL-97 by full-matrix least-squares procedures on F 2 [16] . The positions of hydrogen atoms were obtained from a difference Fourier map.
CCDC 693076 (3) and CCDC 393077 (4) contain the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif.
